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Serotonin (5-HT) has been implicated in the regulation of the stress response. Two experiments were
conducted to investigate the possibility that the 5-HT,s »c agonist DOI would reduce behavioral
responsiveness to stress, and that selective blockade of one or both of these receptor subtypes would
reverse this effect. Stressors employed were mild tail pinch and an illuminated open field. In Experiment 1
DOI (0.1, 0.5, 1.0 mg/kg, s.c.) was found to decrease stress-evoked oral behavior directed at food and to
increase rearing behavior in a dose-dependent fashion. Neither of these effects was reversed by spiperone (5-

I];eoylwords' HT,4 antagonist) or SDZ SER-082 (5-HT,¢ antagonist). DOI also increased the frequency of head shaking. This
Ketanserin effect was reversed by SDZ SER-082. In Experiment 2 DOI was injected singly or in combination with
Open field ketanserin (5-HT,a, »c antagonist). DOI decreased tail pinch-evoked oral behavior directed at food, the
SDZ SER-082 amount of food eaten, and increased vocalization. In the open field DOI decreased rearing, increased the

Serotonin-2 receptor
Serotonin agonist
Serotonin antagonist
Spiperone

Stress

Tail pinch

number of head shakes, and increased the incidence of flat body posture. While ketanserin alone (0.5, 2.5,
5.0 mg/kg) had no effect on any behavioral measure, coadministration of ketanserin (5.0 mg/kg) with DOI
(0.5 and 1.0 mg/kg) significantly blocked the effects of DOI on oral behavior directed at food, eating, rearing,
head shaking, and flat body posture. It is concluded that the observed effects of DOI on behaviors evoked by
stress were mediated by activation of both 5-HT,4 and 5-HT,c receptors.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Serotonin (5-HT) has been implicated in the etiology of anxiety and
depression in humans and serotonin agonists have proven to be of
benefit in the treatment of these disorders. Animal models of human
anxiety have investigated behavioral responses to stressors in an
attempt to determine which of the multiple receptor subtypes for
serotonin might be of particular importance. The present studies focus
upon the 5-HT, receptor. Three subtypes of the 5-HT, receptor are
recognized. These are designated 5-HT,s, 5-HT2p, and 5-HT,c. In
addition to mediating peripheral actions of 5-HT such as bronchocon-
striction, platelet aggregation, and muscle contraction (Hoyer et al.,
1994), 5-HT, receptors have also been implicated in the regulation of
the stress response. Whether activation of these receptors results in an
increase or a decrease in reactivity to stress is a matter of current
debate. Several studies have reported that systemic administration of
selective 5-HT, antagonists reduces an animal's responsiveness to
stress (e.g., Griebel et al., 1997; Kennett et al., 1997; Rademacher et al.,
2002; Schreiber et al., 1998), while others have observed that 5-HT,
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agonists decrease behavioral responses to stress (e.g., Duxon et al.,
1997; Massé et al., 2007; Nic Dhonnchadha et al., 2003a,b; Njunge and
Handley, 1991; Sokal et al., 2005).

One commonly employed technique for investigating the beha-
vioral effects of stressors in animals is the application of mild tail pinch.
From its original description in 1975 (Antelman and Szechtman, 1975)
tail pinch stress has been shown to reliably alter a variety of behaviors.
Relative to non-stressed controls tail pinch has been reported to affect
behaviors such as freezing (Giorgi et al., 2003), vocalization (Wax et al.,
1975), grooming (Giorgi et al., 2003), and a number of oral behaviors
directed at food, such as eating (Antelman and Szechtman, 1975; Czech
et al., 1998; Fray et al,, 1982; Samarghandian et al., 2003), gnawing
(Fray et al., 1982; Giorgi et al., 2003), and licking (Czech et al., 1998). We
have reported previously that DOI, a nonselective agonist of the 5-HT,
receptor, reduces tail pinch-induced stress responding when injected
subcutaneously, or after combined subcutaneous and intracerebro-
ventricular administration (Hawkins et al., 2002).

The purposes of the present studies were to replicate our previous
observation of reduced responding to stressors following systemic
administration of DOI, and to explore which of the 5-HT, receptor
subtypes may be mediating this effect. Two experiments were
conducted. In Experiment 1 a series of four studies was completed.
These examined stress responding following administration of DOI, a
5-HT,4 antagonist (spiperone), a 5-HT,c antagonist (SDZ SER-082), and
DOI when coadministered with these antagonists. Experiment 2
investigated the effect of a combined 5-HT,x ¢ antagonist (ketanserin)
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on stress responding, and the effect of this antagonist on the action of
DOL. The affinities of these ligands for 5-HT, receptor subtypes are
displayed in Table 1. Substantial affinities (Ki<115 nM) for other
receptors are also provided.

Methods common to both experiments follow. Procedures unique to
each experiment are described in their respective sections below. All
protocols used in these experiments were reviewed and approved by the
Louisiana State University Institutional Animal Care and Use Committee.

2. Methods
2.1. Animals

Male Sprague-Dawley rats (8-12 weeks) were obtained from the
Division of Laboratory Animal Medicine at Louisiana State University and
were housed individually with water and laboratory chow available ad
libitum. The vivarium was maintained at 22 °C with lighting cycled on a
12:12 photoperiod (lights on at 07:00 h). Experimentation was conducted
during the light phase.

2.2. Drugs

DOI ((+/-)-1-(2,5-Dimethoxy-4-iodophenyl)-2-aminopropane hydro-
chloride) and ketanserin (KET) (3-(2-[4-[(Fluorobenzoyl)-1-piperidinyl]
ethyl)-2,4(1H,3H)-quinazolinedione tartrate) were purchased from
Sigma-Aldrich Corp. (St. Louis, MO). Spiperone (8-[3-(p-fluorobenzoyl)
propyl]-1-phenyl-1,3,8-triazaspiro[4.5]decan-4-one) and SDZ SER-082
((+)-cis-4,5,7a,8,9,10,11,11a-Octahydro-7H-10-methylindolo[ 1,7-bc][ 2,6]-
naphthyridine), were obtained from Tocris Cookson Inc. (Ellisville, MO).
Drugs were stored according to manufacturers' recommendations until
the day of injection and were dissolved in sterile 0.9% saline just prior to
injection. Saline was used for all control injections.

2.3. Injection procedure

An animal was weighed just prior to s.c. injection and the injection
was administered at the base of the neck in a volume of 1.0 ml/kg. The
animal was then returned to its home cage for 30 min prior to the
initiation of stress testing. The 30 min delay was selected based upon
previous research in our laboratory (e.g., Hawkins et al,, 2002) which has

Table 1

Receptor affinities, expressed as K; (nM), for ligands used in the experiments
Receptor Ligand

RS DOI Ketanserin SDZ SER-082 Spiperone
Affinity for 5-HT, receptors

5-HT 2.51° 1.6° 512.86° 0.39°
5-HT,p 27.54° 3,162.27¢ 204.17¢ 3,278.0°
5-HT,¢ 3.01° 20.89° 7.58¢ 2,137.96°
Affinity (K;<115 nM) for other receptors

5-HTa - - - 114.81°
5-HT, = = = 19.95°
«;-adrenergic - 15.008 = 39.8_1h
Dopamine D, - - - 0.37‘_
Dopamine D3 - - - 0.32'
Dopamine D, - - - 039
Histamine H; = 1.79% = =

2 Boess and Martin (1994).
b Toll et al., (1998).

€ Knight et al., (2004).

4 Glusa and Pertz (2000).
€ Kursar et al., (1994).

f Millan et al., (1994).

& Bogeso et al., (1988).

" Schwinn et al., (1995).

! Tang et al., (1994).

J Roth et al., (1995).

k" Ghoneim et al., (2006).

shown DOI to exert a significant effect on stress responding at 30 min
post injection. Existing literature has also shown systemic ketanserin to
be effective within this time frame to alter a variety of dependent
variables, including suppression of dopamine-induced hyperlocomotion
and cocaine-induced 5-HT release (Boderick et al., 2004), reversal of
DOI-induced head twitch (Miyata et al., 2004), and attenuation of DOI-
induced peripheral vasoconstriction and hyperthermia (Blessing and
Seaman 2003). Within 30 min after injection spiperone has been
reported to increase ptosis, evoke ataxia, and suppress spontaneous tail-
flick evoked by 8-OH-DPAT (Millan et al., 1994); block hyperlocomotion
evoked by ethanol (Lé et al., 1997); and reverse apomorphine-induced
reduction in startle responding (Swerdlow et al., 1991). SDZ SER-082 also
acts within 30 min to augment cocaine-induced hyperlocomotion (Filip
et al., 2004), decrease passive avoidance (Mora et al., 1997), and reduce
body shakes produced by DOI (Dave et al., 2002).

2.4. Tail pinch

Thirty minutes after s.c. injection, an animal was placed in the
center of a suspended wire cage containing a pre-measured amount of
laboratory chow and the animal's tail was guided through the cage
floor. A clamp fashioned from hemostatic forceps, padded with latex
tubing, was attached to the tail at a location which had been marked
previously to correspond to a tail diameter of 4.3 mm. The animal's
behavior was recorded for 4 min, after which the forceps were
removed and the animal was returned to its home cage.

Changes in 7 behavioral variables were assessed:

1. Oral behavior directed at food — amount of time an animal licked,
gnawed, or chewed laboratory chow
2. Oral behavior not directed at food — amount of time an animal licked
or bit the cage or engaged in teeth chattering
3. Grooming — amount of time an animal preened its fur or tail with
its mouth or forepaws
. Number of vocalizations
. Defecation — number of fecal boli
. Gnawing — weight of shredded lab chow collected beneath the cage
. Eating — difference in weight of lab chow prior to testing and
weight of remaining intact and shredded chow after testing

N Y U b

Measurements of time for the above were to the nearest 0.01 s and
measurements of weight were to the nearest 0.01 g.

2.5. Open field

At the conclusion of tail pinch testing each animal was returned to
its home cage for 10 min prior to evaluation in an open field
(61x61x61 cm) with a floor which was marked into 30.5 cm
quadrants. An animal was placed into the field and observations of
the following variables were conducted for 4 min:

1. Line crosses — number of lines crossed with all four paws

2. Rearing — number of times an animal lifted both front paws
simultaneously from the floor

3. Head shakes — number of times an animal shook its head from side
to side

4, Wet dog shakes — number of instances when an animal shook its
head and upper torso

5. Freezing — amount of time an animal remained motionless

6. Flat body posture — occurrence (presence or absence) of an
elongated posture in combination with a creeping gait. This
variable was assessed in Experiment 2 only.

2.6. Rotarod

The rotarod consisted of a textured stainless steel drum (7.2 cm dia)
which was set to rotate at 10 rpm. Twenty-four hours after the
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conclusion of tail pinch and open field testing, each animal was trained
on the apparatus until it could remain on the rotating drum for 30 s.
Animals which did not reach this criterion within 12 successive trials
were excluded from subsequent testing.

Rotarod testing occurred 24 h after training. Animals meeting the
training criterion were administered drug or saline based on the
experimental condition assigned to them on the first day of stress
testing. Injections were administered as previously described. Animals
remained on the rotarod for 30 s or until loss of balance, whichever
occurred first. Latency to loss of balance, if it occurred, was recorded to
the nearest 0.1 s.

2.7. Statistical analyses

Tail pinch and open field data were analyzed with multivariate analysis
of variance (MANOVA). Significant results were followed by univariate
analysis of variance (ANOVA) and the Least Significant Differences Test.
Because some animals did not meet the training criterion, data collected
on the rotarod were analyzed separately by univariate analysis of variance.
As a nominal variable (presence or absence), flat body posture was
analyzed by X? analysis. Alpha was set at 0.05 for all analyses.

3. Experiment 1

Experiment 1 was designed to evaluate the effects of a systemically
administered 5-HT, agonist (DOI) on behaviors evoked by stress, and
to determine whether such effects are differentially attributable to the
5-HT,4 or 5-HT,c receptor subtype. A within-subjects protocol was
used in which four groups of animals were subjected to 1) DOI alone
(n=12), 2) a 5-HT,4 antagonist (spiperone) alone (n=10), 3) a 5-HT¢
antagonist (SDZ SER-082) alone (n=10), or 4) DOI in combination with
one of these antagonists (1n1=38).

The three groups which received injections of a single drug were
administered doses of 0.1, 0.5, and 1.0 mg/kg of the respective drug as
well as a saline control injection. These drug doses are referred to as
“low”, “medium”, and “high” doses in the presentation of results below.
The group which received DOI in conjunction with an antagonist was
exposed to the following four conditions: DOI alone (0.5 mg/kg), DOI
(0.5 mg/kg) plus SDZ SER-082 (1.0 mg/kg), DOI (0.5 mg/kg) plus
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spiperone (1.0 mg/kg), and saline control. When animals received DOI in
conjunction with either SDZ SER-082 or spiperone the agonist and
antagonist were administered in a single injection in which the total
volume was maintained at 1 ml/kg. For all groups the order of
presentation of injections was manipulated via a modified Latin-square
design and 3 days elapsed between subsequent injections.

An exclusionary criterion of 2 s of oral behavior directed at food
during tail pinch in the saline condition was employed. Data from
animals which did not meet this criterion were not subjected to
statistical analysis. The number of animals per group reported above
represents the final n/group after exclusion of non-responders.

4. Results

DOI alone. MANOVA revealed a significant effect of drug dose across
the four treatment conditions [F(39,96)=2.38, p<0.001]. Post hoc
analyses revealed that DOI significantly altered three behavioral
variables: oral behavior directed at food, rearing, and head shaking.
The duration of oral behavior directed at food during tail pinch stress was
decreased in a dose-dependent fashion [F(3,11)=7.12, p<0.001]. These
data are displayed in Fig. 1 (panel A). Although the low dose of DOI did
not alter oral behavior, the medium (p=0.003) and high (p<0.001) doses
significantly suppressed responding. The effects of the medium and high
doses also differed significantly from the low dose (p=0.012 and
p=0.002 respectively). An identical dose-related pattern was observed in
regard to rearing in the open field [F(3,11)=10.60, p<0.001] (please see
Fig. 2, panel A). Rearing was significantly reduced by the medium
(p=0.001) and high (p=0.001) doses only, and the effects of these two
doses were significantly different from the low dose (p<0.001 for both
comparisons). Number of head shakes in the open field (Fig. 3, panel A)
was significantly increased by DOI [F(3,11)=5.21, p=0.002)]. This effect
was attributable to the medium dose only (p<0.001).

Spiperone or SDZ SER-082 alone. MANOVA revealed that neither
spiperone [F(33,77)=1.17, p=0.284] nor SDZ SER-082 [F(33,77)=1.01,
p=0.466] significantly altered behavioral responding when adminis-
tered singly.

DOI coadministered with spiperone or SDZ SER-082. Drug adminis-
tration significantly altered behavioral responding [F(36,86)=1.82,
p=0.012]. Univariate analyses revealed effects on oral behavior
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Fig. 1. Seconds of oral behavior directed at food during tail pinch stress following injections of saline control, DOI, spiperone (SPIP), SDZ SER-082 (SDZ), ketanserin (KET), or
combinations of these. Panels A and B present data from Experiment 1 and panel C contains data from Experiment 2. Significance values: * = p<0.05 relative to saline control, # =

p<0.05 relative to DOI 0.5 mg/kg + saline, + = p<0.05 relative to DOI 1.0 mg/kg + saline.
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Fig. 2. Number of instances of rearing in the open field following injections of saline control, DO, ketanserin (KET), or combinations of these. Panel A presents data from Experiment 1 and
panel B contains data from Experiment 2. Significance values: * = p <0.05 relative to saline control, # = p<0.05 relative to DOI 0.5 mg/kg + saline, + = p<0.05 relative to DOI 1.0 mg/kg + saline.

directed at food [F(3,7)=4.00, p=0.01], number of lines crossed [F(3,7)=
3.26, p=0.03], number of head shakes [F(3,7)=4.44, p<0.01], and duration
of freezing behavior [F(3,7)=5.07, p<0.01].

As was seen previously, oral behavior directed at food during tail pinch
was significantly reduced by DOI (p=0.007). These data are displayed in
Fig. 1, panel B. This effect of DOI was not reversed by coadministration of
either spiperone (p=0.008) or SDZ SER-082 (p=0.007).

DOI increased the number of head shakes (p=0.004; see Fig. 3,
panel B). This effect was not altered by concomitant injection of
spiperone (p>0.05 relative to DOI alone, p<0.001 relative to saline)
but was abolished by coinjection with SDZ SER-082 (p=0.004 relative
to DOI alone, p>0.05 relative to saline).

The number of lines crossed in the open field was reduced by 50%
when DOI was coinjected with SDZ SER-082 (p=0.012; saline
mean =14, drug mean=7). Neither DOI by itself nor DOI plus spiperone
had an effect on this variable (data not displayed).

Injections of DOI plus SDZ SER-082 increased the duration of
freezing behavior from an average of 20 s following saline to 80 s. This
effect differed significantly from the saline (p=0.006), DOI (p=0.001),
and DOI plus spiperone (p=0.004) conditions. As with line crossings,
neither DOI injected alone nor DOI coinjected with spiperone altered
the duration of freezing behavior (data not displayed).

Rotarod. In no instance was rotarod performance affected by drug
administration.
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Fig. 3. Number of instances of head shaking in the open field following injections of saline control, DOI, spiperone (SPIP), SDZ SER-082 (SDZ), ketanserin (KET), or combinations of these.
Panels A and B represent data from Experiment 1 and panel C contains data from Experiment 2. Designations of numbers on the x-axis representing drug condition are as in Fig. 1.
Significance values: * = p<0.05 relative to saline control, # = p<0.05 relative to DOI 0.5 mg/kg + saline, + = p<0.05 relative to DOI 1.0 mg/kg + saline.
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5. Discussion

Tail pinch stress evoked an increase in the amount of time animals
engaged in oral behavior directed at food. As seen previously in our
laboratory (Hawkins et al., 2002) DOI reversed stress-evoked oral
behavior in a dose-dependent fashion. This finding is consistent with
the suggestion that 5-HT,, and/or 5-HT,¢ receptors are involved in the
stress response and that activation of one or more of these receptors
may reduce an animal's reactivity to stress. That selective blockade of
the 5-HT,a or 5-HT,c receptor with spiperone or SDZ SER-082
respectively did not prevent the DOI effect suggests that DOI may
act through both receptor subtypes and that joint antagonism of both
subtypes may be necessary to prevent the action of DOI.

In the open field DOI increased the number of head shakes. This
effect has been reported previously by us (Hawkins et al., 2002) and
others (e.g., Koskinen et al., 2003; Mitchell et al., 2003) and is regarded
as a pharmacological effect of DOI unrelated to stress. The convention
is to attribute head shaking behavior to activation of the 5-HT,p
receptor (e.g., Dursun and Handley, 1996; Islam et al., 2004; Mitchell,
et al, 2003). We observed, however, that the 5-HT,, antagonist
spiperone did not alter DOI-induced head shaking, while the 5-HT,¢
antagonist SDZ SER-082 abolished it completely. These findings
suggest that the 5-HT,¢ receptor may play an important role in
mediating head shaking behavior in rodents.

A reduction in rearing behavior in the open field was observed in
one group of animals after injection of medium and high doses of DOIL.
While this finding could be interpreted as a decrease in escape
behavior and, therefore, indicative of a reduction in stress reactivity
(Dielenberg and McGregor 2001), reductions in rearing are tradition-
ally considered to be an indication of increased stress responding (e.g.,
Cornwell-Jones, et al., 1992; Rogers et al., 2000; To and Bagdy 1999).
Whether this effect of DOI is differentially attributable to 5-HT,4 or 5-
HT,c receptors could not be determined in the present experiment as
the main effect for drug treatment only approached significance
(p=0.06) on this variable in the group of animals given the medium
dose of DOI in conjunction with selective antagonists.

Finally, while no dose of DOI alone had an effect on line crossing or
freezing behavior, when given in conjunction with SDZ SER-082 the
number of lines crossed was reduced and the duration of freezing
behavior was increased. Whether these are related to the stress
response or represent nonspecific pharmacological effects remains to
be determined.

6. Experiment 2

Experiment 2 was performed to explore the possibility that the
effects of systemically administered DOI on stress-evoked behavior
could be blocked by simultaneous antagonism of both the 5-HT,, and
5-HT,c receptors. Two studies employing a between-subjects protocol
were conducted. In Study 1, effects of the 5-HT,ajpc antagonist
ketanserin (KET) were tested. Four groups of animals were used:
saline control (n=11), 0.5 mg/kg KET (n=11), 2.5 mg/kg KET (n=10),
and 5.0 mg/kg KET (n=10). Study 2 evaluated the possibility that
effects of DOI on stress responding would be blocked by coadminis-
tration of KET. Six groups of animals were tested: saline control
(n=16), 0.5 mg/kg DOI + saline (n=16), 1.0 mg/kg DOI + saline (n=16),
5.0 mg/kg KET + saline (n=16), 0.5 mg/kg DOI+5.0 mg/kg KET (n=16),
and 1.0 mg/kg DOI+5.0 mg/kg KET (n=16). The 0.5 and 1.0 mg/kg
doses of DOI are referred to as “low” and “high” doses respectively in
the presentation of findings below.

6.1. Injection procedure
Animals in Study 1 received a single injection of KET or saline using

the protocol previously described. In Study 2 a double injection
procedure was used. Groups that were administered DOI + KET were

injected with DOI first and KET (or saline) immediately afterward.
Animals that received a single drug (KET or DOI) received an injection
of saline immediately afterward to control for possible effects of
repeated injection. The saline control group also received two
injections. All injections were s.c. and injection volume was 1.0 ml/
kg for each injection. After the second injection, animals were
returned to their cages for 30 min prior to tail pinch testing.

7. Results

Study 1: MANOVA revealed that ketanserin had no effect on stress-
evoked behavior [F(36, 80)=1.285, p=0.176]. Similarly, ANOVA and X*
analysis demonstrated no effect of KET on rotarod performance or flat
body posture (p>0.05 for both comparisons). Therefore, the highest
dose of KET (5.0 mg/kg) was paired with DOI in Study 2.

Study 2: Drug administration significantly altered behavioral
responding [MANOVA F(65, 372)=3.82, p<0.001]. In the tail pinch
condition three behaviors were affected: oral behavior directed at food
[F(5,90)=5.59, p<0.001], eating [F(5, 90)=3.44, p=0.007], and vocaliza-
tion [F(5, 90)=4.51, p=0.001]. A reduction in grooming approached
significance [F(5, 90)=2.21, p=0.06]. In the open field, duration of
rearing [F(5, 90)=12.37, p<0.001], number of head shakes [F(5, 90)=
16.98. p<0.001], and occurrence of flat body posture [X? (5)=62.3,
p<0.001] were significantly affected. No dose of DOI or KET, alone or in
combination, resulted in significant motor impairment as measured by
rotarod performance.

Oral behavior directed at food during tail pinch is depicted in Fig. 1,
panel C. Asin Experiment 1, both the 0.5 mg/kg and the 1.0 mg/kg doses
of DOI significantly reduced responding relative to saline control
(p=0.021 and p=0.003 respectively). The effects of these two doses did
not differ from one another. While KET administered by itself did not
alter responding (p>0.05 relative to saline), coadministration of KET
with both the low and the high doses of DOI resulted in significantly
greater amounts of oral behavior relative to their respective DOI +
saline doses (p=0.001 and p=0.043 respectively), and a reversal of the
effects of DOI (p>0.05 relative to saline for both doses).

The pattern of results seen in oral behavior directed at food was
repeated in stress-evoked eating (Fig. 4). Eating was significantly
reduced by the low (p=0.007) and high (p=0.001) doses of DOI. This
effect was reversed by concomitant KET injection for the low dose of
DOI (p=0.329 relative to saline), but not the high dose (p=0.027
relative to saline). Ketanserin itself had no effect on responding
(p>0.05 relative to saline), and the amount of food eaten following

1.0 4
_—
(=2}
S
c
[0}
—
O
L
e
3 05
L *
‘s - 1 = Saline
'E 2 = DOI 0.5 mg + Saline
8 3=DOI0.5myg + KET
£ * 4 =DOI 1.0 mg + Saline
< 5=DOI1.0mg + KET
6 =KET + Saline
0.0

1 2 3 4 5 6
Drug Condition
Fig. 4. Grams of food consumed during tail pinch stress following injections of saline

control, DOI, ketanserin (KET), or combinations of these. * = p<0.05 relative to saline
control.
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Fig. 5. Number of instances of vocalization during tail pinch stress following injections
of saline control, DOI, ketanserin (KET), or combinations of these. Designations of
numbers on the x-axis representing drug condition are as in Fig. 4. * = p<0.05 relative to
saline control.

either combined DOI + KET dose was statistically indistinguishable
from KET alone.

Vocalization was increased by the low (p=0.002), but not the high
dose, of DOI (Fig. 5). Ketanserin did not alter vocalization and did not
significantly reverse the effect of the low dose of DOI (p=0.023 relative
to saline).

Duration of rearing in the open field was significantly reduced by
the low (p=0.001) and high (p<0.001) doses of DOI (Fig. 2, panel B).
This pattern of results was also seen in Experiment 1. Unlike
Experiment 1, however, concomitant injection of the 5-HT antagonist
reversed the DOI effect. Coadministration of KET with DOI resulted in a
significant increase in rearing for both the low and high doses of DOI
relative to their respective DOI + saline doses (p<0.001 for both
comparisons). Duration of rearing during combined DOI + KET
injection was no different than that seen in the saline condition.
Ketanserin by itself also had no effect on rearing.

While in Experiment 1 frequency of head shaking was increased by
the 0.5 mg/kg dose of DOI only, both this and the 1.0 mg/kg dose
evoked increased head shaking in Experiment 2 (see Fig. 3, panel C).
This effect was significantly reduced by coadministration of KET
(p<0.001 for all comparisons). Ketanserin+saline had no effect on
head shaking and frequency of head shaking returned to control levels
when KET was given with DOI (p>0.05 for all comparisons).

A significant increase in the occurrence of flat body posture was
observed following DOI injection [X? (5)=62.3, p<0.001] (data not
shown). Flat body posture occurred in 50% of the animals given the
low dose of DOI and in 100% of the animals given the high dose. When
KET was coadministered with DOI the rate of occurrence dropped to
6% for both groups. Postural change was not observed in any of the
animals given KET + saline.

8. General discussion

The pattern of effects produced by DOI during exposure to tail pinch
stress suggests that activation of 5-HT, systems results in decreased
reactivity. The only instance of behavior indicative of increased
reactivity to tail pinch stress following DOI was an increase in
vocalization. This was seen in Experiment 2 only and was not dose-
related. Conversely, across three iterations (two in Experiment 1 and
one in Experiment 2) DOI resulted in a consistent, dose-related
reduction in oral behavior directed at food. In Experiment 2 a reduction
in stress-induced eating was also seen and a reduction in grooming
behavior approached significance. In addition to these variables we

have previously observed reductions in tail pinch-induced gnawing,
teeth chattering, and grooming following DOI (Hawkins et al., 2002).
Similarly, others have reported that DOI results in decreased escape
behavior (de Paula Soares and Zangrossi 2004; Nic Dhonnchadha et al.,
2003a,b; Onaivi et al., 1995), increased exploratory behavior (Peng
etal.,2004), reduced ultrasonic vocalization to foot shock (De Vry et al.,
1993; Sanchez, 1993; Schreiber et al., 1998; Winslow and Insel, 1991),
and anxiolytic-like effects in the four plates test (Nic Dhonnchadha
et al., 2003a; Petit-Demouliere et al., 2008; Ripoll et al., 2006).

DOI is a phenethylamine (mescaline-like) hallucinogen (see
Fantegrossi et al., 2008 for a review) which, like other hallucinogens,
has been shown by some to produce anxiogenic responses (e.g. Bull et
al., 2004). That DOI was shown to decrease reactivity to stress in the
present study is consistent with the reports of others cited above and
may be related to dose and species effects. Onaivi and colleagues
(Onaivi et al., 1995), for example, showed that systemic administration
of DOI in doses identical to those employed here (0.1, 0.5, and 1.0 mg/
kg) produced dose-related anxiolytic responses in rats tested in the
elevated plus maze. Additionally, these effects were reversed by
ketanserin. Higher doses of DOI (2.5 and 5.0 mg/kg), however, resulted
in anxiogenic reactions. The same pattern of anxiogenic reaction to
high doses of DOI and anxiolytic effects at low doses (which was
reversed by ketanserin) was observed in ICR mice. In DBA/2 mice,
however, all doses of DOI produced an anxiogenic effect while in C57/
BL6 mice DOI resulted in anxiolytic reactions at all doses.

The possibility that the DOI-induced reductions in responding
observed in the current experiments were attributable to a non-
specific motor impairment is militated against by the fact that
administration of DOI by itself did not significantly increase the
duration of freezing behavior, nor did it reduce gnawing, oral behavior
not directed at food, rotarod performance or locomotion in the open
field at any of the doses tested. While our observation that DOI alone
did not affect locomotion confirms previous work (Raghavendra and
Kulkarni, 2000; Redrobe and Bourin, 1997), increases (Darmani et al.,
1996; Granoff and Ashby, 1998) and decreases (Kaur and Ahlenius,
2000; Krebs-Thomson and Geyer, 1996) in locomotion following
administration of DOI have also been reported.

In the open field reductions in rearing were observed in both
experiments following application of the 0.5 mg/kg and 1.0 mg/kg (but
not 0.1 mg/kg) doses of DOIL. As mentioned previously, whether this
finding is to be interpreted as indicative of a decrease (Dielenberg and
McGregor, 2001) or an increase (Cornwell-Jones et al., 1992; Rogers
et al., 2000; To and Bagdy, 1999) in stress reactivity is a matter of some
dispute. The conventional interpretation is that a reduction in rearing
suggests increased stress responding.

In both experiments animals that received DOI consistently
displayed a significant increase in the frequency of head shakes. This
behavior is usually considered to be a pharmacological action
unrelated to stress reactivity. However, exposure to stress has been
reported to influence the number of head shakes elicited by DOI, with
both increases (Brotto et al., 1998; Chaouloff et al., 1994; Takao et al.,
1995) and decreases (Izumi et al., 2002; Pericic, 2003; Yamada et al.,
1993; Yamada et al., 1995) being reported. It is also the case that head
shakes are generally attributed to activation of the 5-HT,, receptor
(e.g., Dursun and Handley, 1996; Islam et al., 2004; Mitchell et al.,
2003). We observed, however, that DOI-induced head shaking was
abolished by joint antagonism of 5-HT>4 »c receptors with ketanserin
or 5-HT,¢ antagonism with SDZ SER-082, but the 5-HT,, antagonist
spiperone was ineffective. These findings suggest that the 5-HT,c
receptor, or combined 5-HT>x »c receptor activity, may be important in
this effect of DOL

Though head shaking was the only behavior evoked by DOI that
was reversed by selective antagonism of the 5-HT,s or 5-HTac
receptor, simultaneous antagonism of both receptor subtypes with
ketanserin consistently reversed the behavioral effects of DOI.
Significant blockade of the DOI effect was observed in measurements
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of oral behavior directed at food and the amount of food eaten in the
tail pinch condition, as well as rearing, head shakes, and flat body
posture in the open field. The only DOI-induced behavior that was not
reversed by ketanserin was vocalization. While this is the first report
that ketanserin reverses the effects of DOI on behaviors evoked by tail
pinch and open field stressors, it is consistent with other reports of
ketanserin blockade of the actions of DOI or other 5-HT, agonists. In
this regard, ketanserin has been shown to block 5-HT,-induced
anxiolytic effects on ultrasonic vocalizations (Schreiber et al., 1998),
social interactions (Nakamura and Kurasawa, 2001; Tadano et al.,
2001), and behaviors in the elevated T-maze (de Paula Soares and
Zangrossi, 2004) and the elevated plus maze (Onaivi et al., 1995).

Ketanserin binds with high affinity to both a;-adrenoceptors and
histamine H; receptors (see Table 1) and is believed to be antagonistic
at both (Ghoneim et al., 2006; Sathi et al., 2008). Given that H; and o;-
adrenoceptor antagonists have been shown to produce anxiolytic
responses (see Millan, 2003 for review) it seems unlikely that the
ability of ketanserin to reverse the actions of DOI in the results
reported here is attributable to these receptor subtypes. These results
indicate that the behavioral consequences of DOI, and other 5-HT,
agonists, in these paradigms may be largely attributable to combined
activation of both 5-HT,4 and 5-HT,c receptors.
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